Background: A recent survey of 79 countries showed that fertility knowledge was lower in Japan than in any other developed country. Given the fertility decline in Japan and the importance of fertility knowledge, we conducted an online survey to examine fertility knowledge and the related factors for effective public education. Methods: We studied people aged 18-59 years old, n = 4,328 (the "General" group), and also people who had been trying to conceive for at least six months, 18-50 years old, n = 618 (the "Triers" group). Fertility knowledge was assessed using the Japanese version of the 13-item Cardiff Fertility Knowledge Scale (CFKS-J). All participants provided socio-demographic and fertility information. Participants also completed a 14-item health literacy scale and an 11-item health numeracy scale. We asked participants who were aware of age-related decline in fertility when and where they first acquired that knowledge.
Background
The trend to delay childbearing and the decline in fertility are serious concerns regarding reproductive-health in developed countries [1, 2] . In addition to pursuit of career goals and diverse lifestyles, a lack of accurate information on which to base informed fertility decisions could account in part for this trend. Misinformation about fertility could explain sub-optimal fertility behaviour, and public education campaigns should be considered as ways of increasing fertility knowledge [3] [4] [5] . Indeed, fertility knowledge in many populations is poor [6] [7] [8] [9] [10] [11] . Government-sponsored educational initiatives have been undertaken in some countries (e.g., Belgium) [12] , but more needs to be known about the factors that predict fertility knowledge so these factors can be addressed in educational interventions.
In Japan, the total fertility rate has been decreasing (1.41 in 2012) and the parental age at first birth has been increasing (30.3 and 32.3 years for women and men, respectively in 2012) [13] . These trends continue despite concerted government effort to introduce policies that address work-life balance and deficits in childcare [14] . Recently, it has been recognised that many Japanese people lack fertility knowledge and that this lack of knowledge could also play a role in fertility trends in Japan. One surprising finding of a recent survey was that 36.4% of young women estimated their own age limit for natural pregnancy to be between 45 and 60 years [15] . Furthermore, an international survey of 79 countries (the International Fertility Decision-making Study, IFDMS) [16] showed that fertility knowledge was lower in Japan than in any other developed country. This was quite a contrast to scholastic ability [17] and to health numeracy [18] , both of which were very high among Japanese people. This severe lack of fertility knowledge can be attributed to social taboos against referring to sex or female age, and also to the fact that sex education in school is generally focused on prevention of pregnancy and sexually transmitted infections (STIs) [19] . To remedy this situation, the government proposed the need for fertility education in 2013 [20] . The proposal sparked much public debate, which was covered by mass media intensively [21] .
The aims of the present study were to examine fertility knowledge in the general population and to investigate the related factors, which will provide important background for effective public education. We investigated knowledge in two groups: a representative sample of the general population ('General' group) and a sample consisting of people who were currently trying to conceive ('Triers' group). The Triers group was studied to replicate the IFDMS research in Japan. The General group was recruited to represent people who would be the target group in future public-education campaigns. We included future, current, and post-reproductive generations in the target population because older people generally transmit information, whether it is correct or incorrect, to younger generations. In line with the previous studies examining factors associated with fertility knowledge [7, 16, [22] [23] [24] , it was hypothesized that fertility knowledge would be greater in women, in people of higher socio-economic status (SES), and in those with more interest in childbearing: those currently trying to conceive and those with a history of medical consultation for infertility. According to previous studies, health awareness and health-related activities such as tobacco smoking [24] are associated with fertility knowledge. It was also hypothesized that greater fertility knowledge would be found in people who had greater skills regarding their health, such as those in nonsmoking status and those with higher health literacy and numeracy.
Methods

Participants
Participants were recruited via online social research panels (SRPs). Inclusion criteria for the General group were that respondents were men and women aged between 18 and 59 years old (n = 4,328). The inclusion criteria for the Triers group were that respondents were men and women aged between 18 and 50, currently married or living with their partner, currently trying to conceive (Triers) for at least 6 months, and not pregnant (n = 618). The criteria for the Triers group were the same as those used in the IFDMS [16] .
Procedures
An online market research company (Macromil, Tokyo, Japan), which has a nationwide research panel (SRP) of more than 1 million registrants, sent recruitment emails to people who were randomly selected from its registrants ( Figure 1) . Recruitment e-mails for the General group were sent to 31,566 eligible people aged 18 -59 years. To recruit the participants for the Triers group, 308,606 people aged 18 -50 years were pre-screened and 979 eligible people received the recruitment emails. We performed quota-sampling equally by gender and agegroup blocks (i.e., men and women in 18 -29, 30 -39, 40 -49, and 50 -59 year-old age groups). Recruitment continued until the intended number of participants in each block had been recruited. Medical professionals and advertising professionals were excluded during the recruitment. Participants were provided a reward incentive consistent with the SRPs procedure. All the procedures were completed from September 30 to October 9, 2013.
Questionnaire design
This survey consisted of 117 items covering 8 domains, which were developed to investigate the factors associated with low fertility in Japan. Only those questions relevant to analyses presented in this paper are described here. To ensure that the questionnaire was understandable, we conducted two pilot surveys on a small group of our colleagues and about 100 people registered with the above mentioned panel.
Fertility knowledge
The Japanese version of the Cardiff Fertility Knowledge Scale (CFKS) [16] (CFKS-J) was developed using forward translation and back-translation of the original CFKS. Forward translation was conducted by two Japanese public health researchers (EM and FN). A bilingual JapaneseEnglish individual translated the resulting questionnaire back into English, and a native English speaker evaluated the concordance between the back-translated items and the originals. After concordance was confirmed, minor changes were made, based on discussion between the Japanese researchers (EM and FN) and the developer of the original CFKS in Cardiff University (JB).
The CFKS consists of 13 items that measure knowledge about fertility facts, risks, and myths. All items were rated on a three point scale of 'true', 'false', or 'do not know'. A correct answer was assigned one point and an incorrect or 'do not know' answer was assigned zero points. Scores are reported as percents of the highest possible score. Internal consistency coefficient alpha of the original CFKS was 0.79, and an exploratory factor analysis showed that all items loaded >0.30 on one general factor that accounted for 30% of between-item variance [16] .
Source of information
The first item of the CFKS-J asks whether the statement "A woman is less fertile after the age of 36 years" is true or false. We asked participants who answered that item correctly when and where (e.g. at school, through mass media) they first acquired that knowledge. We asked them when and where they first learned about prevention of pregnancy and STIs as well.
Socio-demographic variables
Gender, age in years, and categorized annual household income of the participants were provided by the online market research company. Annual household income was categorized into 4 groups: low, < 4 million Japanese Yen (JPY); moderate, 4 -7 million JPY; high, ≥ 8 million JPY; and "unknown". At the time of the study 1 Japanese Yen = 0.0076 Euro. Participants also indicated their academic background (university education, yes/no) and marital status (married, yes/no).
Fertility status
Participants reported whether they had given birth or fathered a child. Participants in the General group indicated whether they were currently trying to conceive (yes/no) and whether they hoped to have children in the future (yes/no). Participants in the Triers group stated the number of months they had been trying to conceive, The number of people who responded to the screening questions Figure 1 Flowchart showing the procedure. and whether they had sought a medical consultation or treatment regarding fertility (yes/no).
General group
Health-related skills and behaviour
We used the 14-item health literacy scale (HLS-14) for measuring health literacy [25] . The HLS-14 measures functional (5 items, e.g., "The print is too small for me when I read instructions or leaflets from hospitals or pharmacies"), communicative (5 items, e.g., "I collect information from various sources if I am diagnosed as having a disease"), and critical health literacy (4 items, e. g., "I consider whether the information is credible if I am diagnosed as having a disease"). Each item has 5 response choices. The total score is the sum of the scores on each item, and higher scores indicate better health literacy.
Health numeracy was measured using the Japanese version of the Lipkus scale (the Lipkus-J) [18, 26] . The Lipkus-J is a uni-dimensional 11-item scale that focuses on the basic understanding of math and probability relevant to health risks. Item responses were dichotomized to be either correct or incorrect. The total score was calculated as the number of correct items for each respondent. The range was 0 to 11 with higher scores indicating better numeracy.
Additionally, we asked participants about tobacco smoking, as an indicator of health behaviour (smoke more than a few times a week: yes/no).
Data analyses
Internal consistency coefficient alpha, bi-serial item correlations, and tetrachoric correlations among items were used to evaluate the CFKS-J. A factor analysis was conducted using the matrix of tetrachoric correlations. Factors with loadings ≥ 0.3 were retained.
Descriptive statistics were used to describe performance on CFKS-J and the named sources of information. T-tests and analysis of variance (ANOVA) were used to compare the total scores on the CFKS-J between sociodemographic categories and between fertility-status categories. Pearson's correlation was used to examine the association between age in years and CFKS-J score. Spearman's correlation was used to explore the associations among scores on the HLS-14, the Lipkus-J, and the CFKS-J. The t-test for independent samples was used to compare results from the present study with results from the IFDMS [16] .
Multivariate linear regression using the robust estimator of variance was used to assess the relation between the total score on the CFKS-J and the variables described above. All the analyses were performed using STATA12-SE (StataCorp LP, College Station, TX, USA). Table 1 shows the characteristics of the General and Trier groups. The proportion of respondents in each gender and age group was controlled during recruitment to make them similar to the proportions in the general population of Japan.
Results
Study population
Reliability testing and validation testing of the CFKS-J
The CFKS-J scores were normally distributed in the General and Triers groups. Internal consistency reliability was moderate: coefficient alpha = 0.74 (General group), 0.72 (Triers group). A single to 3-factor solution was computed to examine the dimensionality of the 13 items. In the General group, the eigenvalues of the factors were 4.14, 1.33, and 0.56, which accounted for 72%, 23%, and 10% of the variance, respectively. The high eigenvalue of the second factor was attributed to a high tetrachoric correlation between item 3 ("Smoking decreases female fertility") and item 4 ("Smoking decreases male fertility") (r tetrachoric = 0.89), because the eigenvalues of the factors changed to 3.71, 0.88, 0.35 when item 3 was dropped from the analysis. The biserial item correlations with the underlying factor ranged from 0.36 to 0.55 and the factor loadings for the first factor ranged from 0.30 to 0.67. The results in the Triers group were similar (Table 2) . Overall, the CFKS-J appeared to have a one-factor structure, as did the original CFKS.
Performance on the fertility knowledge scale
The average percent correct scores on the CFKS-J were 53.1 (SD = 23.4) in the Triers group and 44.4 (SD = 23.1) in the General group (t = -8.77, p < 0.001). Figure 2 shows the percentage of participants who answered each item correctly, by group and gender.
Univariate relations between the total score of CFKS-J and study variables are shown in Table 3 (the General group) and Table 4 (the Triers group). With regards to annual household incomes, 924 people in the General group and 97 people in the Triers group who answered "unknown" were excluded from the analysis. As shown in Table 3 for the General group CFKS-J scores were significantly higher in those who were female, university Currently trying to conceive (n, % yes) 312 (7. educated, married, currently trying to conceive, nonsmoking, had higher household income, or had given birth or fathered a child. There were low positive correlations of the CFKS-J with the HLS-14 (ρ = 0.24, p < 0.001) and with the Lipkus-J (ρ = 0.10, p < 0.001). In the multivariate linear regression analysis, we excluded marital status from the model in the General group due to its multi-collinearity with whether participants had given birth or fathered a child. In the General group (n = 3,404) the factors that remained independent predictors of greater fertility knowledge in the multivariate model were being female, younger, university educated, currently trying to conceive, non-smoking, having higher household income, having higher score on the HLS-14, and having higher score on the Lipkus-J (R 2 for the model = 0.095) ( Table 3) .
As shown in Table 4 for the Triers group, the CFKS-J score was significantly higher in those who were female, non-smoking, had not given birth or fathered a child, or had prior medical consultation regarding their fertility. There was a low positive correlation between the CFKS-J and the HLS-14 (ρ = 0.22, p < 0.001). In the Triers group the factors that remained independent predictors of greater fertility knowledge in the multivariate model were having a higher score on the HLS-14 and having a prior medical consultation regarding fertility (R 2 for the model = 0.13) ( Table 4) .
Source of information
A total of 3,334 participants (2,851 in the General group and 483 in the Triers group) answered the question about the age-related decline in fertility correctly (Table 5) . Of those 3,334, around 3% first learned that fact about fertility "at school" and around 65% first learned it "through mass media" or "via the Internet". In contrast, more than 30% first learned about prevention of pregnancy and STIs "at school". With the two groups combined, 33% of the respondents first learned that fact about fertility "less than 5 years before" the survey, whereas around 80% first learned about prevention of pregnancy and STIs "more than 10 years before" the survey.
Discussion
The main findings of this study confirm that fertility knowledge in Japan is low and that knowledge varies with literacy issues and experience with trying to conceive. Further, the findings show that people mainly recall acquiring their knowledge from non-formal sources such as media and the Internet. More formal sources of education need to be considered if fertility health is to be improved.
A strength of the study was the use of the validated CFKS (fertility risk factors, misconceptions and basic facts) [16] . To date, CFKS is the sole validated fertility knowledge scale although there are many other scales which address broader knowledge including misconceptions about infertility treatments [4] [5] [6] [7] [8] . In addition, the large sample size allowed statistical adjustment for likely covariates (i.e., household income and educational level), and the inclusion of men and of people beyond their reproductive years also gives new information, as previous studies mainly focused on women [4, 6, 7, 27, 28] or students [4, 5, 10, 23, 29, 30] . Our findings are consistent with those of previous studies that investigated the relationship between fertility knowledge and background factors. The IFDMS reported that greater fertility knowledge was associated with female gender, university education, paid employment, very high Human Development Index, and prior medical consultation for infertility [16] . Other previous studies showed higher knowledge in women, those with higher education [7, 22] and non-smokers [24] and lower knowledge in men and in those of lower SES [23] . In the present study we replicated those findings: fertility knowledge was significantly higher among women, those of higher SES (i.e. being university educated or having higher household income), those who had experience with trying to conceive (i.e. currently trying to conceive or having prior medical consultation), and those who had better health-related skills and behaviour (i.e. nonsmokers, having higher health literacy or numeracy).
Interest in childbearing was strongly associated with fertility knowledge: In the General group, people who Note: With regards to annual household incomes, 924 people in the General group who answered "unknown" were excluded from the analysis. were currently trying to conceive had scores that were 6.5 percentage points higher than those who were not currently trying to conceive, and in the Triers group those with a history of medical consultation or treatment for fertility had scores that were 11.6 percentage points higher than the others. However, to prevent infertility due to a lack of fertility knowledge, people without current interest in childbearing need to know the facts while they have time to protect their own health and to make choices about childbearing. We should also be aware of the fertility knowledge of older people. If they have misperceptions or biases regarding fertility, those could be transmitted to younger people. The older people in this study were relatively young when they had first become parents, but their levels of fertility knowledge were low. Although referring to female age and fertility was once taboo in Japan, the issue has recently been taken up by the media since the national television channel NHK aired a documentary program discussing age-related infertility in 2012 [31] . Subsequently in 2013, the government proposed to create and distribute fertility educational materials [20] and to revise the current subsidy system for assisted reproductive technology treatments, setting the age limit up to 42 years old [32, 33] . These governmental movements sparked much public debate about the need to educate people, and they were covered by mass media intensively [21, 34] . There was public disapproval of the government, as it appeared to force the timing of childbearing on women, but the proposal was supported by some who had so far been given only little information about fertility [21] . The effects of this media coverage may be seen in the present results. Although our results replicate the IFDMS finding, showing that fertility knowledge in Japan was still lower than the average score in developed countries, the average performance in the Triers group, which was selected using the same inclusion criteria as the IFDMS sample, was significantly better (53.1% correct) than the 34% correct that was reported in the IFDMS survey in Japan held in 2009 -2010 (p < 0.001, [16] ). In particular we note that there was a remarkably higher percentage of respondents who correctly answered the question about the agerelated decline in female fertility: 78% in the present survey versus 29% in the earlier IFDMS [data on file, Merck Serono]. Considering the fact that 65% of participants learned their fertility knowledge through the mass media or via the Internet, this difference could be due to recent governmental movements to prevent age-related infertility and the intense media coverage that subsequently ensued [21, 34, 35] , but because the present study was crosssectional we cannot be sure that this difference indicates an actual improvement over time. On the other hand, mass media and the Internet often present information that is incomplete, distorted and inaccurate [36] . In the present results, the percentages of participants who correctly answered the questions about smoking and overweight were still low and had not improved, possibly reflecting the fact that mass-media reports of the impact of smoking and of overweight on fertility are very rare. Some countries are conducting educational interventions to spread accurate information [8, 9, 12] . In view of our findings, the educational interventions should target schools and the community to be the most effective. School education, especially primary education, can target the knowledge of those who showed significantly lower knowledge scores: those who currently do not have the intention of childbearing, those who are not university educated, and those who do not have high health literacy. In general, school-based education is more likely to improve knowledge of those children who belong to a family with higher SES, resulting in widening inequalities of the knowledge on fertility as well as health between higher and lower SES groups, but a previous study regarding smoking prevention interventions showed that social network approaches and community education in addition to school education were effective among low-SES adolescents [37] . Further, schools could provide a more consistent approach to the content than would information provided in the media. This study provides policy-makers with important background for improving the school-based and community educational initiatives that are being undertaken in developed countries.
There are several limitations to be noted. First, this was a cross-sectional survey and thus we cannot infer causality. Second, the use of SRPs could have caused selection bias. Acquiring health-related information via the Internet is associated with higher education levels and higher household incomes [38, 39] and indeed, the percentage of participants who had university education was much higher than that calculated from the 2010 Population Census [40] : 22% in people aged between 20 and 59 years old. Moreover, participants could have looked for answers via the Internet during the survey. Volunteer bias toward those who were more interested in fertility is also possible. Therefore if these results are generalized to the national population then fertility knowledge might be overestimated. However, in that case the agendas we have to address are the same, because the level of fertility knowledge in the general population would be even worse than reported here.
Conclusions
Although fertility knowledge among people in Japan had improved, possibly due to the recent governmental movements and the media coverage of age-related infertility, it was still lower than the average in developed countries. Given the fact that fertility decisions should be based on correct and complete information, we note that multiple factors are associated with fertility knowledge, especially education and the personal relevance of childbearing. Importantly, many people obtained knowledge through mass media or via the Internet. To prevent infertility and broaden people's choices about childbearing, educational interventions may be needed both in schools and in the community. publication. JG contributed to the data analysis, drafted all versions of the article and approved the final version for publication. All other co-authors contributed towards critical revision of the paper and final approval of the manuscript.
